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1 Electrodialvsis Apparatus 

2 

3 The present invention rdates to an electrodialysis ^paratus for puri^ng water and also embraces a 

4 method of electrodiafysis. 

5 

6 As \^ be weD kno^ to those skilled in the art, dectrodiai^sis conq)rise5 pasang a desalting stream of 

7 water to be purified betwe^ an anode and a cathode. Perm-sdective membranes are po^oned 

8 between the desalting stream and the electrodes, sudi that cations migratkg 

9 through a cation sdective membrane^ vMstamonsnugrating towards the ano^^ 

10 perm-selective membrane. As dectrodialysis proceeds^ the water to be purified is progressivdy 

11 dq)leted of ions. In some instances, an ion exdiange resin bed is placed in the desalting stream, and 

12 tins has tiie advantage of maintaming the dectiical conductivity of the water to be purified as 

13 ddonisation proceeds. Electrodialysis in wiuch an ion exchaiige re^ bed is used in the water to be 

14 purified is known as dectroddonisatioit 

15 

16 US-A-3645884 (GiOiland) discloses a five conq)aitment dectroddonisation cdl comprising outer 

17 anode and cathode compartments and a central concentrating compartm^ A 

18 desalting compartment is positioned betwe^ each electrode compartm^it and the central 

19 concentrating compartment. The 

20 desalting compartm^t nearest the anode is separated fix)m the anode chamba* and fi'om the central 

21 concentrating conq)artinmt by two, respective cation sdective m«nbranes. Similarly, the dcsdtir^ 

22 compartm^t nearest the cathode is separated fi'om the cathode chamber and fiom the concentrating 
2 3 compartm^ by two, respective anion sdective membranes. 

24 

25 In operation, water to be purified is passed through the two desalting compartments in succession, and 

26 a voltage is ^plied across the anode and cathode, such that cations are caused to migrate fi-om the 

27 water to be purified in the desalting compartment nearest the anode into the central concentrating 

28 compartment, and anions are caused to migrate firom the water to be purified in the desahirig 

29 conq)artment nearest the cathode into the concentratmg coa9>artment. Each of the dessdtii^ 

30 compartments comprises a porous bed of ion ecchange material. 

31 

32 According to US-A-364S884, the anode compartment is filled with a weakly addic sdatiaD,^vtd]9st the 
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1 cathcxie departmetit is fitted \vith a weald llius, in operation, hydronium ions from 

2 the anode compartment are caused or allowed to pass into the adj aoent desahing conq)artment to as^ 

3 in driving out the cation in^urities in the watar to be purified. Analogously, hydroxide ions in ifae 

4 cathode compartment are caused or aOowed in use to pass into the juxtaposed de^^ 

5 to assist in driving out iho anion mq^urities fiiom the desalting stream into the central concentrating 

6 charnber. 
7 

8 US-A-364S884 disdoses that when a 0.08SN sodium ddoride sohifion is ddonised for a period of two 

9 hours by impresstiig a current of 12 amperes at 10 to 20 volts across the ion exchaiige beds, a final 

10 product havmg a sodium ddoride concentration of 0.008SN is adiieved, indicating a 90% removal of 

11 ions fiiom the water to be purified. The final product water has a conductivity of 102S pS/cm at 2S^C 

12 

13 . It is an olqed of the present invmtion to provide an improved dectrodialyas q>paratus. 

14 

15 Li pardcular, it is an otgect of the present invention to provide an dectrodialysis appanctus ^^ch is 

16 capable of produdng hig^y-purified water, that is water having a conductivity of less than 0.20 ^S/can, 

17 le. a resistivity of at least SMQ-on and, und^ suitable operating and feed conditions, of at least 

18 ISMH-cm i.e. a conductivity of less than 0.067 ^S/cm at 2S<>C. 

19 

20 According to one aspect of the present invention therefore there is provided an electrodialyas 

21 apparatus for purifying water, which apparatus comprises means defining an anode chamber, means 

22 defining a cathode chamber, an anode means disposed within the anode chamber, a cathode means 

23 disposed within said cathode diamber, means defining a desalting stream flow path between said anode 

24 and said cathode means, means defining a concentrating stream flow path adjacent said desalting 

25 stream flow path, means for causing or allowing water to be purified to flow within the desalting 
2 6 stream flow path and means for cauang or allowing a fluid adapted to recdve ionic impurities from the 

27 watCT to be purified to flow within the concentrating stream flow path; v/hmm ssad desalting stream 

28 flow path comprises a first portion juxtaposed the anode means and a second portion juxtaposed said 

29 cathode means, and said means defining the desalting stream flow path comprises two first partition 

30 means that sq)arate the first portion of the desalting stream flow path fix>m the anode chambermid the 

31 concentrating stream flow path respectivdy, which first partition means are sdecdvdy permeable to 

32 cations and are spaced apart on an axis between said anode means and cathode means^md two second 
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1 partition means that separate the second portion of the desalting stream flow path from the cathode 

2 diamba' and the ooncaitrating stream flow path respectively, wMch second partition means are 

3 sdectivet/ pomeable to anions and are spaced apart on said axis; characterised in that each taf said 

4 anode and cathode chanibm contains a porous bed of ion exchai^eniatmaL 

5 

6 In some embodinients, the cathode diamber may contain am Said anode diamb^ 

7 may contain cation exchange rean. 

8 

9 In another aspect of fhe present invention there is provided a method of electrodialysis compridng 

10 causing or allowing water to be purified to flow in the desalting stream flow path of an dectrodialyas 

11 iq)paratus in accordance vdth the present invention, cau^iig or aBowiiig a fliud adiq>tedtoTeceiveiomc 

12 inqHnities from said wato* to be purified, to flow i^thin the concentrating stream path and applying a 

13 voltage across the anode means and cathode means. 

14 

15 In some endxxUments, substantially pure water may be caused or allowed to flow in lfae anode 'andA>r 

16 cathode chamber^ and prefarabfy substantially pure vfat&r is used in both the anode diamber and the 

17 cathode chamber. By ^'substantially pure wato^ is meant wato* having a resistivity of at least IMO- 

18 cm, preferably at least ISMH-on. 

19 

20 It has been found that the electrodialysis apparatus of the present invention can be used to produce 

21 highpurity water, that is water hawig a resistivity of at least ISMQ-cnt 

22 

23 Conveniently, the substantially pure water used within the anode and/or cathode diamber may be 

24 watea- that has be«i purified uang the apparatus of the invention. Typically, means may be provided 

25 for supplying water that has been purified in the desalting stream flow path to the anode and/or 

26 cathode chamber. It is also envisaged that in some cases, the water used in one or both of the 

27 electrode chamber may be recycled through a secondary purifier, e.g. a second electrodialysis m 
2 8 electroddonisation device. 

29 

30 Preferably the fluid supplied to the concentrating stream flow path is also substantially pure water, and 

31 m some embodim^its means may be pro\dded for supplying substantially pure ivater 1hat iias -been 

32 purified within the desahirig stream flow path to the concentrating stream flow path. However, the 
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4 

1 invention also embraces the use of water of lo^ 


3 The dectrodialy^s apparatus of the pres^ invention does not require the addition of add or ifficafi to 

4 the dectrode diambm and relies on water splitting at the electrodes for the generation of hydronium 

5 and hydroxide ions for replemdiing the ion diange redns within the electrode compartments and for 

6 asdsting in driving out the ionic impurities fiom .the desahing. stream flow paths into the concentrating 

7 stream. 


9 In some mbodiments^ wat^ that has been purified within the desalting stream may be caused or 

1 0 allowed to flow in paralld tiiroug;h the concentrating stream and at least one of die anode and cathode 

11 diambers. Akeniativ^, the substantiafly pure water nmy be caused or aUov^ 

12 through at least one of the anode and cathode chambers and thai through the concentrating stream 

13 flow path. Prefeab(yr, the fluid within the oonceiitratuig stream is caused or aUowed 

14 current to the flow of water to be purified in at least one of the first and second portions of the 

15 desalting streams flow paths. Preferably the water wifiin at least one of the anode mi cadiode 

16 diambers is caused or allowed to flow counter-^Hirrent to the flow of water to be purified in at least 

17 one ofsaid first and second portions. 

18 

1 9 Said concentrating stream flow path may contain a porous bed of ion exdiange materia! . 

20 

21 Usually the desalting stream flow path win contain a porous bed of ion exdiange materid. Said first 

22 pdrti(»i may contain cation exchai^e rean, and said second portion may COTtain anion exdiange resin. 
23 

24 The water to be purified may be passed through the first and second portions of the desalting stream 

25 flow path in any order, although preferably the water to be purified is passed through the first portion 

26 first, followed by the second portion. In this way, the water to be purified is addified in the first 

27 portion by the presence ofhydroraum ions generated by water splitting at the anode, Tlieivaterto be 

28 purified is thus slightiy addic when it enters the second portion which contains hydroxide ions 
2 9 produced at the cathode. This arrangement, as will be appredated by those skilled in the art, will assist 
30 in redudng the build-up of scale in the apparatus. 

31 

32 It is envisaged that in some ^bodiments the water to be purified may be passed in succession through 


2 
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1 two or more dectroddlonisation apparatus according to the present invenlioa 

2 

3 In another aspect of the present invention therrfore theiie is provided potyrdectrodialy^ zppmtajs 

4 compriang two dectrodiafysis q>panrtus in accordance vddi the present inventicm. In some 

5 embodiments^ one of the dectrodes of the polyelectrodialysis sqiparatus in accordance with the 

6 nivention may be shared by bofli dectrodiab^ japparatus. The polydectrodialyss q)paratus may 

7 conqnise a single anode or cathode that is common to both dectrodialy^ apparatus. 

8 

9 Whm the wat^ to be purified passes throu^ two dectrodidyas ^pan^ 

1 0 present invention, it is preferred that the water to be purified passes successive^ througih the first and 

11 second portions of the first dectrodialyas iqq>anrtus, and then through the second and -first portions in 

12 succession of the second dectrodialyds ^paratus, so that the water to be purified is given a find 

13 polish by passage through a cation exchange resan bed. 

14 

15 FolloA^dng is a descrq>tion by way of exsmph ody with reference to the zcocmpmyrag drawings of 

16 mbodhnents of the present inventioa 

17 

18 In the drawings: 


19 

20 Figure 1 is a flow diagram of a first dectrodialysis apparatus in accordance with the present 

21 invention; 

22 Figure 2 is a flow diagram of a second dectrodidysis apparatus in accordance with the pres^ 

23 invention; 

24 Figure 3 is another flow diagram of a third dectrodialysis apparatus in accordance with the 
2 5 present in vaition; 

26 Figure 4 is a flow diagram of a first polydectrodidyds apparatus in accordance with the 

27 present invention; and 

28 Figure 5 is a flow diagram of a second polyelectrodidy^s apparatus in accordance with the 
2 9 present inventioa 

30 


31 With reference to Figure 1, a first dectrodialy^s qjparatus 10 in accordance vdth the present invention 

32 comprises an anode 14 and a cathode 16 that is q)aoed fi^m the anode. Said anode, which may be a 
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1 platinum coated anode, is accommodated witfain an anode compaitment 24 and smd catbode 16 is 

2 accommodated witfain a cathode conq>artment 26. Intermediate said anode and cathode conq)aitments 

3 24, 26 the apparatus 10 comprises three further oompartm^its, namely a first desalting compartment 

4 36 adjacent the anode conq)artnient 24, a second desalting conqiartmait 46 adjacent the cathode 

5 co«iq}aitment 26 and a concentrating compartment 28 niteq)Osed betwe^ said frst -and second 

6 desalting con;)artments 36, 46. 

7 

8 Said anode compartm^ 24 is partitioned fiom the first desaltirg conpirtment 36 by a first cation 

9 penn-sdective manbrane 32 and said firat desalting compartment 36 is partitionBd -fixnn 1he 

10 concentrating c(»npartment 28 by a second cation penn-sdective m^nhrane 34. Similarly said 

11 cathode conq>artmait 26 is partitioned fixim the second desalting compartment 46 by a first anion 

12 pierm-sdective membrane 42, and said second desahing compartm^ 46 is partitioned fix>ni the 

1 3 concentrating compartm^t 28 by a second aiuon perm-selective membrane 44. 

14 

15 The construction of dectrodialysis apparatus of this kind will be genaa% wdl known to those skiUed 

16 in the art and has been described int^ alia in nummus prior pat^t spedficati(Mis (see, e.g. GB-A- 

17 769307, EP-A^078842, EP-A-01 70895). It is envisaged tiiat said q)paiatus will c unveu i eiiU y 

18 comprise a stadc of juxti^osed compartment-forming demafits of predetermined tluckness vMi said 

19 ion sdective menteines 32, 34, 42, 44 inteqx)sing betwe«i neighbouring demaits. Said electrodes 

20 14, 16 win be formed as tlun plates or soeens and eadi will be intoposed between an dectrode 

21 conq)artm^-fi}rming dement and an adjac^t ^d plate. 

22 

23 Each compartment-forming elemCTt may be manufectured fi'om a thermoplastic material and will be 

24 formed vnAi a large, coitral opening that extends through the dement and forms a compartment, with 

25 the body ofthe dement defining the outer perimeter of the con^artment. The elements may ^irflier be 

26 drilled or moulded with one or more through-bores around the c^itral opening. In the assembled 

27 stack these bores will align with corresponding bores in the juxt^sed elements to form ports for 
2 8 conveying fluids between compartments interioriy of the stadc. The ends of each compartment wll be 

29 dosed in the assembled stack by the ndghbouring monbranes. An end plate will be provided^ cadi 

30 end of the stack, and the assembly wiD be held together by such means as a phiraHty of bolts that 

3 1 extend between the end plates, through alignmg apertures formed in all of the dements. Compresable, 

32 fluid-tight seals will typically be mtoposed betwem eadi deanmt/plate and the n^Jibouiii^ 
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1 membranes^ v^diseak^ be conq^ 

2 boks. As tins kind of constnicdon will be generally finufiar to those skilled in the art, no fiirtfaer 

3 description of it is ^ven herda 
4 

5 In the electrodialyds apparatus of die present mvendon the thidkness of each of 1fae ttesdting 

6 conqiartments 36, 46 m the electrode-electrode direction may be in the range S to 40nun, and the 

7 thidaiess of the electrode and concoitrating cbmpartmmts 24, 26, 28 may be in the r^on of 2 to 

8 3Qnim. 

9 

10 The anode compartment 24 of the iq>paratus of Hgure 1 contains a porous bed of cation exdiange 

11 resin 25, and the cathode conq>artmait 26 contains a porous bed of anion exchange rean 27. As 

12 cation exdiange resin may be used any suitable resin known to those skilled in the art such as, for 

13 example, that which is commCTcially available fixim Dow liquid Sq}arations under the trade mark 

14 DOWEX MARATHON C Said anion exdiange resin msy anrilariy be any suitable ream 

15 those skilled in the art such, for example, a DOWEX MARATHON A 
16 

17 Said first desalting compartmoit 36 also contains a porous bed of caticm exdiange resin 37 and said 

18 second desalting compartment 46 contains a porous bed of anion exchange resin 47. Said 

19 concentrating con^aitment 28 also contains a porous bed of ion exchange resin 29 ^hich may be 

20 cation exdiange reso), anion exchange re^ or a mixture of both of these. 

21 

22 Each of the compartmaits 24, 26, 28, 36, 46 is pro\dded with an inlet and an outiet. In use the inlet to 

23 the first desalting conqiartment 36 is connected to a supply SO of water to be purified. 

24 

25 IntOTial portiing (not shown) may be included to connect the outiet of the first desahii^ chamber 36to 

26 the inlet of the second desalting chamber 46, and the inlets/ouflets of the desalting chamba^ 36, 46 

27 may be arranged such that the wat^ to be purified flows in the same direction through both desalting 

28 diamb^s as shown in Figure 1. 
29 

30 Substantially pure water, that is water having a purity of at least IM^i-cm is supplied to each of the 

31 dectrode chambers 24, 26 and may also be supplied to the concentrating chamb^ 28 to provide 
3 2 req>ectivdy dectrode diamber streams 52, 54 and a conoratrating, flushing stream 56. 
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1 

*^ 2 In use, an operating voltage of 2 to lOOV is applied aaoss the anode 14 and cathode 16 sufficient to 

3 obtain water splitting at the electrodes. Cations in the water to be purified are tak^ up on the cation 

4 exdiange rean 37 in the first desahuig duuhber 36, being rq)laced in sohition by hydronium ions. 

5 Hydromum ions generated at the anode 14 pass via the first cation exchange monbrane 32 into ^ 

6 cation resin bed und^ the influence ofthe2q)pfieddectrical potential. As they pass throu^ the cation 

7 rean bed, the hydromum ions r^enerate the cation exchange resin by being exchanged for cations 

8 firomthe water to be purified SO. The hydn>mum ions and the inqHU% cations pass >aa the seco 

9 cation exchange membrane 34 into the concoitrating diamber 28 fi-om vAidi tiiey cannat proceed 

10 fiirther towards the cathode 16 owing to the presence of the second amon selective mmbrane 44. 

11 The cations are thus ehited firom the concentratiiig chamb^ 28 by the action of the lugh purity 

12 "flushing** stream 56 flowmg tfaroug;h the concentrating chambCT28. 

13 

14 In a similar manner, amons in the water to be purified are carried to the concentratmg chamber 28 

15 und^ the influrace of the cathod^-^nerated hydroxide ions and the dectrical potential, via the ainon 

16 exdiange rean 47 in the second desalting diaoiber 46 and the second anion sdective membrane 44, 

17 The impurity anions are also duted by the flushing stream 56 within the com 

18 The product wat^ 60 is deltv^ed fi^om the outlet of the second desalting chamber 46. 

19 

20 Figure 2 shows a second electrodalysis apparatus in accordance with the invention whidi is suitable 

21 for use on a small scale. Many of the components of the apparatus of Figure 2 are common to the 

22 apparatus of Figure 1 and, for these, the identical reference numerals as used in Hgure 1 are used. It 

23 wiD be seal that the electrodialyas apparatus ofFigure 2 difiersfi'om that sho^ 

24 first desdting chamber 36 is divided by means of internal , partitions 52 into two .sub-chambers 36a, 

25 36b. 

26 

27 The water to be purified 50 is supplied in succession to one of the sub-chambers 36a of the first 

2 8 desalting compartment 36, then to the second desalting compartment 46 and finally to the second sub- 

29 diamber 36b of the first desalting compartment 36. The water to be purified 50 is thus passed in 

30 succesaon through a cation exchange rean bed, an anion exdiange resin bed and finally a cation 

31 exchange rean bed which gives the water to be purified a final, polishing treatment. As is also 

32 apparent from Figure 2, a portion of the product water 60 is supplied in parallel to the dectrode 
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1 dianibers 24, 26 and to the concentrating cbaniba' 28. Although not sbown m I^^^e 2, internal 

2 porting is conveniently provided m the stack to make the necessary connections brtween the various 

3 chambers. Eadi of the desahiiig compartments 36a, 36b, 46 of the dectrodialy^ 

4 2 has a tUdoiess of 8mm in the dectrode-dectrode direction. The widths of the dectrode 

5 con9)artments 24, 26 and the concoitniting compartment 28 ai^^ 
6 

7 Those sldOed in the art \^ q)preciate that the Ughest purity wat^ of the flusUng stream is thus 

8 allowed to flow through the anode diamber 24 and concaitrating diamber 28 juxtaposed the flow 

9 through the second sub-dianober 36b of the first desaldrig con^ 

la water is flowii^ juxtiq)osed the water to be purified 50 just before it exits the apparatus as product 60, 
11 

12 It has been found that when the dectrodialysis apparatus of Figure 2 is used to treat redrculatirig water 

13 fiom a tank having an mitial conductivity of IS to 20(iS-an, a final purity of 17MKi-cm can te 

14 adiieved. 

15 

16 A thinidectrodialyas apparatus in aax)rdance with the presCTt invention is il^^ The 

17 construction of the third dectrodiafy^ apparatus is similar to that of the second dectrotfiatyss 

18 apparatus iDustrated in Figure 2, and accordingly the same reference numoBls will be used for like 

19 parts as before. The diflferoice between the second and third dectrodialysis apparatus resides in the 

20 flow path of the electrode and concentration streams through the apparatus. 

21 

22 In the third dectrodialyas q)paratus illustrated in Figure 3, a portion of the product stream 60 is 

23 returned throu^ the apparatus and is directed to flow tiirougji the anode chamber 24, the cathode 

24 chamber 26 and the concentrating chambCT 28 in succesaoa It will be seen fi-om Figure 3 that the 

25 streams through the electrode chamba^ 24, 26 are directed to flow in the same direction as one 
2 6 anotiier, with the stream through the conc^tratirig chamb^ 28 flowing in the opposite directioa 

21 

28 Kgure 4 ^ows a first pdydectrodialysis apparatus 100 in accordance with the present n^^ This 

29 apparatus comprises two dectrodialyas apparatus 10, Iff of the kind desaibed tdxJveTvrtiiTefercnce 

30 to Figure 1. The conq)onents of eadi dectrodialysis ^panitus 10, 10* of the polydectrodialyas 

31 apparatus of Figure 4 that are the same as or similar to the components of the dectrodialyas apparatus 

32 of Figure 1 are indicated by the same reference numerals as used in Figure 1 , with the primetdngiised 
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I to indicate oonQxm^ of the second dectrodialysis apparatus 10*. 

2 

3 As can be seen &om Figure 4, the water to be purified 50 is suppHed firstly to the first desalting 

4 cfaaniber 36 of the first dectrodialysis ^paratus 10 and then, through internal porting (not shown), to 

5 the second desahing chamber 46 ofthe first dectn)dialysis apparatus 10. The outlet 50* of ihe second 

6 desalting chamber 46 of the first dectrodialysis apparatus 10 is connected to the second desalting 

7 chamber 46' of the second dectrodialyas ^paratus 10, and internal porting (not shown) wifliin Ae 

8 second electrodialy^ apparatus 10 is provided to supply the feed fiom the second desalting chambar 

9 46* to the first desalting dmnibOT 36*. The water to be purified 50 is thus passed successively through b 
10 cation exdiange resin bed 36, a first anion exchange rei^ bed 46, a second anion exdiange re^ bed 

II 46* and finally a second cation exchange resin bed 36* for polishmg. The product water 60 is delivered 
12 fix)m the outlet of the first desalting diamb^ 36* of the second dectrodial^apparatus 10. 

13 

14 Conversely, the dectrode streams 52, 54, 52*, 54' and the concaitrating streams 56, 56* are supplied 

15 firstly to the second dectrodialysis apparatus 10 and subsequent^ to the first ^paratus 10. This 

16 assists in redudng the back difi^on of impurity ions fiom the dectrode^concentroting streams into 

17 tite desalting stream. 

18 

19 As can be seen fix>m Figure 4, the electrode streams 52, 54 exiting the first dectrodialysis ^paratus 10 

20 are combined to provide an input stream 71 to a secondary purifier 70. Said secondary purifier 70 may 

21 be any suitable water purifier known to those skilled in the art, although a fiirther dectrodiafysis 

22 apparatus or polyelectrodialysis apparatus in accordance with the present iiwention is preferred. Said 

23 secondary purifier 70 has an output stream 72 which is used to feed the dectrode streams 52*, 54* of 

24 the second dectrodialy^s apparatus 10. 

25 

26 In the apparatus shown in Figure 4, each of the desalting chambers 36, 46, 36*, 46* has a thickness in 

27 the electrode-electrode direction of about 15mm, and each of the electrode and concentrating 
26 d)and)ers 24, 26, 28, 24*, 26', 28* has athidaiess of about ISmm. 

29 

30 It has been found that when operating the polydectrodialyas ^aratus as illustrated in Figure 4 for 

31 over 2000 hours at a flow rate of 1.0 1/min of water of 12 to 15 ^iS/on, water having a reastivity of 

32 16.9 to 17.2Ma-cm at 25°C is produced. 
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1 

2 A seoomlpolydectrocfialy^s apparatus is ilhi^^ This second apparatus comprises two 

3 juxtq)oseddectrodia]y^ apparatus of the kind h llie 

4 second polydectrodialyas apparatus differs fix>m that illustrated in Figure 4 in that the two 

5 dectrodialyas s^yparatus constituting the polyelectrodialysis £q)paratus are formed as a angjle stack of 

6 compaitmodt-formiiig elemmts of the kind described aibove. The electrodialyds sq>paratus are 

7 arranged in the stack back-to-badc, so that the cathode duimber 126 of one of ilie dectrodialyas 

8 apparatus is disposed juxt£q>osed the cathode diamber 226 of the other dectn A 

9 central, water-inipendoiis partition 200 partitions the two dectrod^ 

10 Water to be purified ISO is suppfied to the first desalting conq)ai1ment 136 of erne of the 

11 dectrodial^s ^paratus^ then to the second d^alfing compartment 146 of the one apparatus. Aieed 

12 160 finom the second desahing compartment 146 of tfie one q)paratus is supplied to the second 

13 desalting compartment 246 of the other dectrodiafyas apparatus, and subsequently to the first 

14 desalting coiiq)artment 236 of the other electrodialyas apparatus. The water to be purified ISO thus 

15 passes succesavdy through a first cation exchange resin bed 137, a first amonexdiang^ 

16 a second anion exchange rean bed 247 and a second cation exdiar^ resin bed 23 7 . 

17 

18 Substantially pure or pretreated water is supplied as a concentratiiig, flushing stream 2S6 to the 

19 concentrating compartment 228 of the other dectrodialy^ apparatus and th^ to the tuuceuUaliiig 

20 compartment 128 of the one electrodialysis apparatus, so that the conc^itrating stream flows through 

21 the polydectrodialysis apparatus in the opposite direction fi"om the wato* to be purified 150. A 

22 sq)arate electrode rinang stream 252 of high purity water is supplied to the anode compartment 224 of 

23 the oth«- dectrodialyas apparatus, and then in paralld to the cathode compartments 126, 226 trf the 

24 one and ofhsr dectrodialysis ^paratus. The cathode rinsing streams are thai recombined and passed 

25 through the anode compartment 124 of the one electrodialysis apparatus. Thus, as with the 

26 concaitrating, flushing stream 256, the electrode rinang stream is passed through the 

27 polyelectrodiafyas apparatus in the opposite direction to the water to be purified KO^e desaitiig 

28 stream). In this way, the back division of impurity ions into the desalting stream is reduced. 

29 

30 Each of the dectrode, concentrating and desalting compartments of the polyelectrodialysis apparatus 

31 illustrated in Figure 5 has a thickness in the anode to cathode direction of about l^mm. ¥^faenlhe 

32 second polydectrodialyds apparatus is opiated for over 3500 hours with feed water of 10 to 
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1 20^S/cm, having 25 to 35 ppm dissolved carbon dioxide at a rate of 1.0 to 1.5 liUes pei iimmte^ifae 

2 reastivhy of the product water 260 on exiting the stack is fimnd to be in the range 1 5 to 1 7. SMH-aa 

3 

4 As 1^ the electrodialyids apparatus illustrated m Hgures 2 and 3, the polydectrodialysis q)paratus 

5 shown in Figures 4 or 5 niay be niodified so that the concentrating flushi^ 

6 rinang streams are fed by a pan ofthe product water x^cfa is ret^^ 

7 

8 In another variation, the central partition 200 of the second polydectrodialysis apparatus may be 

9 onutted, such that the apparatus inchides a angjle, c^xtral cathode dianto*. Said cathode 

10 chamber may inchide a single cathode or anode wfaidi is shared by the said one and other 

1 1 dectrodialysis apparatus. 

12 

13 The presoit invention thus provides an fanproved dectrodialysis apparatus in wMdi watcr-to be 

14 purified is passed succesidvdy through a cation exdiange rean bed and an anion exdiange re^ bed 

15 between an anode and a cathode. The anode and cathode are separated fi^om the desalting stream by 

1 6 cation and anion pemfi-selective manbranes respectivdy, and the cathode and anode compartments are 

17 filled wth ion exchange rean material. Each of the dectrode compartments is sapirfied"wifli"a"feed-of 

18 substantially pure water, and in use the dectrodialysis ^paratus of the invoition is found to give 

1 9 product water of surprisingly high purity. 
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1 CLAIMS 


2 

3 1. An decln)dialy^ apparatus for piirifyin^ 

4 aiK>dediamb^,meamdefiidngaca& 

5 chamber, a cathode means disposed vddiin said cathode chamber, means defining a dessdtii^ 

6 stream flow path between said anode and said cathode means, meam definite a 

7 stream flow path adjacent said desalting stream flow path, means for cauang or allo^^ 

8 to be purified to flow witMn the desalting stream flow path and means for cau^o^ 

9 a fluid adapted to receive iorac inqnmties fix>m the water to be purified to ikiw ^within Ifae 

10 concentrating stream flow path; wherein said desahing stream flow path conqirises a first 

11 portion juxtaposed the anode means and a second portion juxtaposed said cathode means, and 

12 smd means defining the desahii^ stream flow.path oonq>iises two first partition means that 

13 separate the first portion of the desahing stream flow path fix>m the anode domiTer^Didihe 

14 concentrating stream flow path respectively, which first partition means are selective^ 

15 permeable to cations and are spaced apart on an axis between said aiK>de means and cathode 

16 means, and two second partition means tiiat sq>arate the second portion of the desalting 

17 stream flow path fix>m the cathode chamber and the concentrating stream -flow path 

18 respectively, whidi second partition means are selectively permeable to anions and are spaced 

19 apart on said axis; characterised in that each of said anode and cathode chambers contains a 
2 0 porous bed of ion exchange material. 

21 

22 2. An apparatus as claimed in Claim 1 wherdn the ion exchange material in the cathode diamber 

23 is an anion exchange resin. 

24 

25 3. An q>paratus as claimed in Claim 1 or Claim 2 wherdn the ion exchange materiaiinlhetmode 

2 6 chamber is a cation exchange re^. 

27 

28 4. An apparatus as clauned in any one of the preceding claims wherdn the concentrating stream 

2 9 flow path contains a porous bed of ion exchange matoial. 

30 

31 5. An apparatus as ckiimed in any one of the preceding claims wherein the first portion contains 

32 cation exdiange resin, and the second portion contains aidon exchange resin. 
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1 

2 6. An apparatus as claimed in any one of the precedi^ 

3 to flow through at least one of the anode diamber and cathode diamber. 

4 

5 7. An apparatus as claimed in Claim 6 wheran the water to flow through at least one of ifae 

6 anode diamber and cathode duimb^ is w^^ 

7 

8 8. An apparatus as cUdmed in Claim 7 wherdn the water to flow through at least one of the 

9 anode diamber and cathode chamber is taken directly fiom the oudet water of^ desalting 
10 stream. 

11 

12 9. An q)paratus as daimed in ai^ one of Oaims 6 to 8 wherein water is caused or allowed to 

13 flow succes^ely through the anode cfaambo* and then the cathode diamber. 

14 

15 10. An apparatus as daimed in ai^ one of C3aims 6 to 9 wfa^dn the water flow through at least 

16 one of the anode chamber and cathode chamber subsequ^y flows through the concentiatii^ 

17 stream 

18 

19 11. An apparatus as daimed in Claim 10 wherein a portion of die purified water prepared by the 

20 apparatus flows sequentially through the anode diamber, the cathode chamber and the 

2 1 concentrating stream. 

22 

23 12. An q)paratus as daimed in any one of Claims 6 to 11 wherdn water is caused or allowed to 

24 flow in parallel through the concentrating stream and at least one of the anode and cathode 

25 chambers. 

26 

27 13. An apparatus as claimed in any one of the preceding claims wherdn the fluid within the 

2 8 concentrating stream is caused or allowed to flow counter-current to the flow of water to be 

29 purified in at least one of the first and second portions of the desaWng streams flow paths. 
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1 14. An apparatus as claimed in anyone of the preceding claims wherein the wato" within at least 

2 one of the anode and cathode chambm is caused or allowed to flow counter-current to tiie 

3 flow ofwater to be purified in at least one ofsaid first and second portions. 

4 

5 IS. An apparatus as daimed in any one ofihe preceding daims wherein the wa^ 

6 passed through the first portion first, foQowed by. the seoond portion. 

7 

8 16. An apparatus as daimed in Qaim IS ^ereb the wat^ to be purified flows m the same 

9 direction through both portions. 

10 

11 17. An apparatus as daimed in any one oftheprecedmgdaimswherdn the fir^ 

12 dmded to form two or more sub-chambers, and v^o-dn the desalting stream path flows in 

13 succesaon through one of the sub-diambers of the first desalting conq>artment, then through 

14 the second desatting ccHnpartmrat, and subsequent^ throu^ a second sub-diamber of the 

15 first desalting coaipdittoisxA, 
16 

17 18. An ai^aratus as claimed in ai^ one of the preceding daims wherein the pu^ 

1 8 resistivity of at least lM£2-<m 

19 

20 19. An apparatus as daimed in Clahnl 8 whadn the purified water has a reastivity of at le^ 

21 ISMH-cm. 

22 

23 20. Amethodof electrodialyas comprising cauang or aflowing water to be purified to fiowTO 

24 desalting stream flow path of an electrodialysis apparatus as defined in any one of Claims 1 to 

25 19, and cauang or allowing a fluid adapted to receive iomc impiuities fi'om said water to be 
2 6 purified to flow within the concentrating stream path and applying a voltage across the anode 
27 means and cathode means. 

28 

29 21 . A polyelectrodialysis apparatus comprising two or more dectrodia^sis apparatus as defined in 

30 any one of Claims 1 to 19. 
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1 22. A polydectrocMy^ apparatus as daimed.in Claim 21 whoran water to be pmified tfarou^ 

2 two dectrodialysis appmAus passes successively through the first and second portions of the 

3 first electrodialy^s q)paratU5^ and then successively through the second and first portions of 

4 the second electrodialysis aiq>aratus. 

5 

6 23. A pofydectrodialysissqjpaiatus as claimed mCl^ 

7 concentrating streams^ anode diambers and cathode diambers are fed by a water purified by 

8 the 2q[>paratus. 

9 

10 24. A polydectrodialyas ^iparatus as claimed in any one of Claims 21 to 23 induding a flow 

11 througji the anode chaniba^ and cathode diambers, v^erdn at least one of the ^ 

12 flows, cathode chamber flows and the concentrating stream flows flow firstly throug^i the 

13 second dectrodiafyinsiq^paratus and subsequentiy through the first dectro 

14 

15 25. Apolydectrodidysisapparatusasdaimedinany oneofdaims21 to24 whmantheoutflo 

16 fixHn at least one of the anode chaihba^ cathode diambers and concentrating streams are 

17 passed through a purifier for reuse in the s^aratus. 

18 

19 26. Apolydectrodidysis^aratusasdaimedinanyoneofClaims21 to2S\)^4^^ 

20 of the dectrodialysis apparatus are juxtaposed to form asingle stadc 

21 

22 27. A polydectrodialyds £q>paratus as daimed in Claim 26 v^erdn two or more of the dectrode 

23 diamb^ are shared by two adjacent dectrodialysis apparatus. 
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